Background: Limited data is present regarding long-term outcomes in chronic kidney disease (CKD) patients presenting with stent thrombosis (ST). We evaluated the possible implications of CKD on long-term mortality in patients presenting with ST-segment elevation myocardial infarction (STEMI) and treated with primary percutaneous coronary intervention (PCI), and its interaction with the presence of ST. Methods: We retrospectively studied 1,722 STEMI patients treated with primary PCI. Baseline CKD was categorized as an estimated glomerular filtration rate <60 mL/min/1.73 m 2 at presentation. The presence of ST was determined using the Academic Research Consortium definitions. Patients were evaluated for the presence of CKD and ST, as well as for long-term mortality. Results: A total of 448/1,722 (26%) patients had baseline CKD. Patients with CKD were older and had more comorbidities and a higher rate of ST (4 vs. 7%, respectively, p < 0.001). In a univariate analysis, long-term mortality was significantly higher among those with CKD compared to those without CKD (17.6 vs. 2.7%, p < 0.001). The presence of ST did not alter long-term mortality in both CKD and no-CKD patients. In a Cox regression model, CKD was an independent predictor of long-term mortality (hazard ratio 2.04, 95% confidence interval 1.17-3.56, p = 0.01), while ST as a covariate was not significantly associated with long-term mortality. Conclusion: Among STEMI patients, CKD, but not ST, is a predictor of long-term mortality.
Introduction
Chronic kidney disease (CKD) is associated with an increased risk for coronary artery disease (CAD) and unfavorable cardiovascular outcomes [1] [2] [3] . Among patients with myocardial infarction treated with percutaneous coronary intervention (PCI), CKD is a wellestablished predictor for in-hospital complications and mortality as well as for long-term mortality [4] [5] [6] [7] . Stent thrombosis (ST) is a dreaded complication of PCI associated with high morbidity and mortality [8] [9] [10] . CKD was implicated as a risk factor for ST by various investigators [9] [10] [11] [12] [13] with an observed higher magnitude of on-treatment platelet reactivity among CKD patients cited as a possible mechanism for this interaction [14, 15] . Very few reports, however, evaluated the possible impact of CKD on the prognosis of patients who suffered an ST event and those who did produced conflicting results [16, 17] . In the present study, we evaluated the possible implications of CKD on long-term survival of a large cohort of patients who presented with ST-segment elevation myocardial infarction (STEMI) due to ST or de novo coronary thrombosis and were treated with primary PCI.
Materials and Methods

Study Population
A retrospective, single-center observational study was performed at the Tel Aviv Sourasky Medical Center, a tertiary referral hospital with a 24/7 primary PCI service as described previously [18, 19] . Eligible were all 1,824 consecutive patients admitted between January 2008 and December 2014 to the cardiac intensive care unit with the diagnosis of acute STEMI. Excluded were patients treated either conservatively or by thrombolysis ( n = 31), as were 70 patients whose final diagnosis on discharge was other than STEMI (e.g., myocarditis or Takotsubo cardiomyopathy) and 1 patient whose serum creatinine levels at admission was not known. The final study population included 1,722 patients whose baseline demographic features, cardiovascular history, clinical risk factors, treatment characteristics, and laboratory results were retrieved from their hospital electronic medical files. The study protocol was approved by the local institutional ethics committee.
Study Protocol
The diagnosis of STEMI was established in accordance to published guidelines including a typical history of chest pain, diagnostic electrocardiographic changes, and serial elevation of serum cardiac biomarkers [20] . Primary PCI was performed in patients with symptoms ≤ 12 h in duration as well as in patients with symptoms lasting 12-24 h in duration if the symptoms continued to persist at the time of the admission. Left ventricular ejection fraction (LVEF) was measured in all patients, by bedside echocardiography, within the first 48 h of admission. Patient records were evaluated for baseline variables. Long-term mortality was assessed over a mean period of 1,170 ± 784 days (range 1-2,736) up to March 31, 2015. Assessment of survival following hospital discharge was performed from computerized records of the population registry bureau.
Serum creatinine level was determined upon hospital admission and at least once a day during the cardiac intensive care unit stay and was available for all analyzed patients. The estimated glomerular filtration rate (eGFR) was estimated using the abbreviated Modification of Diet in Renal Disease (MDRD) equation [21] using baseline serum creatinine levels. Baseline CKD was categorized as an eGFR <60 mL/min/1.73 m 2 at presentation and stratified to CKD stage 3 (eGFR <60 mL/min/1.73 m 2 and ≥ 30 mL/min/1.73 m 2 ) and CKD stage 4/5 (eGFR <30 mL/min/1.73 m 2 ) according to current guidelines [22] .
The presence of ST was determined using the Academic Research Consortium (ARC) definitions [23] . Briefly, definite ST required angiographic confirmation of a thrombus that stems from the stent or from the segment 5 mm proximal or distal to the stent. A nonocclusive intracoronary thrombus was defined as a noncalcified filling defect or lucency surrounded by contrast material (on 3 sides or within a coronary stenosis) seen in multiple projections, or persistence of contrast material within the lumen, or a visible embolization of intraluminal material downstream. An occlusive thrombus diagnosis required a TIMI 0 or TIMI 1 intra-stent or proximal to a stent up to the most adjacent proximal side branch or main branch. Only patients with definite ST (occlusive or nonocclusive) were included to the ST subgroup. We then performed a subgroup 
Statistical Analysis
All data were summarized and displayed as mean ± standard deviation or median (25-75%) for continuous variables and as number of patients (%) in each group for categorical variables. Continuous variables were compared using independent sample t or Mann-Whitney tests. Categorical variables were compared using χ 2 square test or Fisher's exact test. The Kaplan-Meier and log-rank tests were used to evaluate the unadjusted effect of CKD and ST on patients' long-term survival. The influence of CKD and ST on the occurrence of all-cause mortality was evaluated using multivariate Cox regression and adjusted for age, gender, hypertension, diabetes mellitus, CAD severity, LVEF, and the presence of ST. A 2-tailed p < 0.05 was accepted as statistically significant for all analyses. All analyses were performed with the SPSS 23.0 software (SPSS Inc., Chicago, IL, USA).
Results
A total of 1,722 STEMI patients treated by primary PCI were enrolled in the study, 448 (26%) of whom had CKD. Among these patients, 426 (95%) had stage 3 CKD and 22 (5%) had stage 4/5 CKD. The baseline demographic, clinical, and laboratory findings of the patient population are presented in Table 1 . Patients with CKD were older and more likely to be of Variables are n (%), mean ± standard deviation, or median (interquartile range). p < 0.05 is considered significant. CKD, chronic kidney disease; CAD, coronary artery disease; MI, myocardial infarction; sCr, serum creatinine levels; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; CPK, creatine phosphokinase; CRP, C-reactive protein; ST, stent thrombosis. female gender, and had more comorbidities, a higher rate of previous myocardial infarction, a lower LVEF and more severe extent of CAD, and higher C-reactive protein levels at presentation.
Chronic Kidney Disease and Stent Thrombosis STEMI patients having CKD were more likely to demonstrate ST in the primary PCI (33/448, 7%) compared to patients without CKD (51/1,274, 0.5%, p < 0.001). No significant difference was found in the rate of ST between patients with stage 3 or stage 4/5 CKD (7 vs. 9%, p = 0.365). In the subgroup analysis of ST patients stratified in accordance to presence of CKD ( Table 2 ) , no major differences were observed in the rate of early or late ST, DAPT treatment at presentation, LVEF, original stent type (drug-eluting stent or bare-metal stent), bifurcation lesions, or culprit lesion site. In contrast, a higher rate of female patients with CKD compared with those without CKD was observed (23 vs. 8%, p = 0.04), as well as a higher rate of left circumflex stent thrombosis in ST patients without CKD in comparison to those with CKD (23.5 vs. 6%, p = 0.04).
Chronic Kidney Disease, Stent Thrombosis, and Mortality
Over a mean period of 1,170 ± 784 days (range 1-2,736), 114 (6.6%) patients of the entire cohort died. Figure 1 shows the Kaplan-Meier survival curve for long-term survival according to the presence or absence of CKD with or without ST. Mortality was significantly higher among those with CKD (79/448, 17.6%) compared to those without CKD (35/1,274, 2.7%, p < 0.001). Among patients without CKD, the presence of ST had no significant impact on long-term mortality (4.0 vs. 2.7%, p = 0.66). Similarly, among patients with CKD, the presence of ST had no significant impact on long-term mortality (26 vs. 16%, p = 0.15; Fig. 1 ). In the Cox regression model for all-cause mortality in all patients presenting with STEMI ( Table 3 ) , CKD emerged as an independent predictor of mortality reaching a hazard ratio of 
Discussion
In this cohort of STEMI patients undergoing primary PCI, the presence of CKD was associated with a detrimental effect on long-term survival irrespective of the presence of ST. Moreover, ST by itself did not emerge as a predictor of long-term mortality in a multivariable model. CKD has been associated with an increased cardiovascular risk and a higher mortality rate among CAD patients. Possible explanations for this interaction include a greater propensity for risk factors such as older age, diabetes mellitus, and hypertension as observed in the current analysis ( Table 1 ) in line with previous reports [1] [2] [3] , as well as other factors such as oxidative stress, accelerated atherosclerosis, and a prothrombotic state [24] .
In the present study, we observed a significantly higher rate of ST among CKD patients compared with those without CKD (7 vs. 4%, p < 0.001; Table 1 ). In previous reports, CKD was an independent risk factor for ST [9] [10] [11] [12] [13] . Breet et al. [14] reported a higher rate of on-clopidogrel and on-aspirin platelet reactivity in patients with eGFR <60 mL/min/1.73 m 2 compared with those with higher eGFR. However, when adjusted for potential confounders, CKD was no longer significantly associated with a high on-treatment platelet reactivity. Indeed, in the current analysis, we found no difference in DAPT treatment between ST patients with or without CKD (33 vs. 27%, respectively, p = 0.62; Table 2 ). A possible explanation for these observations is that response to antiplatelet therapy is related to the comorbidities of the CKD patient rather than the CKD itself.
In the present analysis, in accordance with previous reports [4] [5] [6] [7] , CKD patients who presented with STEMI had a significantly higher long-term mortality compared with patients without CKD (17.6 vs. 2.7%, respectively, p < 0.001). The presence of ST at presentation did not alter long-term mortality in both CKD and no-CKD patients Moreover, in a multivariable analysis, CKD emerged as a predictor for long-term mortality while ST did not. In a singlecenter retrospective study aimed to evaluate the predictors of unfavorable clinical outcomes following an angiographically proved ST event, renal failure emerged as a predictor of definite ST and death [16] . However, in this report, the authors did not specify whether the renal failure was acute or chronic. Moreover, van Werkum et al. [17] conducted a multicenter registry in the Netherlands, whose purpose was to identify determinants associated with major adverse cardiac events after ST. CKD was not identified as an important clinical predictor of poor outcomes after an ST event in their analysis. As the data about the prognostic determinants after an ST event to date is scarce and derived from retrospective studies only (including the current study), it appears that prospective studies are in need to clarify the role of CKD in an ST event.
Our findings suggest that CKD is an important predictor for long-term mortality after an ST event, rather than the ST event itself. On the other hand, in patients without CKD, an ST event does not seem to alter long-term mortality compared with a de novo thrombosis STEMI. These observations are contrary to a previous report [17] and may have some important clinical implications. CKD patients comprise a high-risk group among PCI-treated patients with a greater tendency for both bleeding [25] and thrombosis [9] [10] [11] [12] [13] . Thus, among patients who survived an ST event, those with CKD, despite a higher risk for bleeding [25] , may still require more intense long-term clinical follow-up, possibly in conjugation with platelet function testing.
We acknowledge several important limitations of our study. First, this was a single-center retrospective and nonrandomized observational study and may have been subject to bias, even though we included consecutive patients and attempted to adjust for confounding factors using the multivariate regression model. Still, a survival bias may have occurred because out-of-hospital deaths as a result of ST were not included in our cohort. Second, as ST is an uncommon complication of PCI, our ST group of 83 patients (4.8% of the entire study population) is consistent with previous reports [8] [9] [10] , and thus could be underpowered to detect differences between the ST subgroups. Third, only serum creatinine level at admission was used to assess basic renal function as previously done [6, 7] , which might be a source of error as the MDRD equation requires a stable creatinine level which might not be the case in STEMI patients. Fourth, we were not able to retrieve data about the PCI associated with the initial stent implantation such as stent type or length in the ST subgroup. However, predictors of ST have been well studied before [10] [11] [12] [13] , and this study focused on the potential prognostic implications of the interaction between CKD and ST rather than on ST risk factors.
